Abstract: Four experiments investigated whether conforming to Gestalt principles, well known to drive visual perception, also facilitates the active maintenance of information in visual working memory (VWM). We used the change detection task, which required the memorization of visual patterns composed of several shapes. We observed no effects of symmetry of visual patterns on VWM performance. However, there was a moderate positive effect when a particular shape that was probed matched the shape of the whole pattern (the whole-part similarity effect). Data support the models assuming that VWM encodes not only particular objects of the perceptual scene but also the spatial relations between them (the ensemble representation). The ensemble representation may prime objects similar to its shape and thereby boost access to them. In contrast, the null effect of symmetry relates the fact that this very feature of an ensemble does not yield any useful additional information for VWM.
The last 40 years of research has yielded substantial knowledge on the key role for human cognition of working memory (WM), a cognitive mechanism responsible for the active maintenance and manipulation of information within the current task (Baddeley & Hitch, 1974; Cowan, 2001) . WM is involved in perception, language, long-term memory access, cognitive control, problem solving, reasoning, and many others. Substantial research has been devoted to one particular type of WM, visual working memory (VWM; Brady, Konkle, & Alvarez, 2011; Pashler, 1988; Phillips, 1974) . Models of VWM generally assume that it maintains visual representations of objects (Luck & Vogel, 1997) , features defining these objects (Alvarez & Cavanagh, 2004) , and spatial relations among them (Clevenger & Hummel, 2014) . The main function of VWM is to support continuity of perception, by integrating features of external objects into a coherent representation of these objects and the visual scene constituted by them Rensink, 2000; Treisman, 1988) .
The key paradigm to investigate VWM is the change detection (or visual arrays) task (Luck & Vogel, 1997; Pashler, 1988) . In each trial of this task, a visual array, filled with a certain number of objects (each possessing one or more distinctive features, such as shape, color, orientation, etc.), is shown briefly. Next, the array is replaced by a mask. Finally, it reappears either in an identical form or with one (or more) objects changed. The instruction is to memorize the first array (source) and then to decide whether the second array (target) differs from the source or not. The crucial fact about VWM is its very limited capacity with regard to the number of actively maintained objects (usually less than four objects; Luck & Vogel, 1997) . However, the issue as to what the real building blocks of VWM capacity are (the very objects, their features, or some combination of them) has been debated (Alvarez & Cavanagh, 2004; Bays & Husain, 2008; Hardman & Cowan, 2015; Oberauer & Eichenberger, 2013; Vogel, Woodman, & Luck, 2001; Zhang & Luck, 2008) . Recent research suggests that each factor may count, depending on the task properties and the individual's preferences (Vergauwe & Cowan, 2015) . Such a view of VWM capacity is compatible with studies that differentiate the VWM subsystem for maintaining individual features, located within the superior parietal lobule, from the subsystem responsible for binding the features into complete objects, which takes place within the inferior parietal lobule (Xu & Chun, 2009) .
Studies on VWM capacity have also shown that its actual value can be influenced by the global organization of perceptual scene. Specifically, particular VWM objects may be stored in some relation to other items, yielding substantial contextual effects . When the context of probed items (e.g., surrounding objects) changes or disappears between the source and the target, retrieval is worse, compared to when the context is constant (Jiang, Olson, & Chun, 2000) . Moreover, the statistical distribution of features is important for retrieval. For instance, it is easier to reject a false probe if its features differ substantially from the dominant features in a scene (e.g., it is easier to reject a new cold-color probe in a warm-color scene; . Context also influences how we recall individual items, as the recall of items that possess the extreme value of a particular visual feature is often biased toward the average value of that feature in a display (the above cold-color probe will be judged more warm-colored in the warm-color scene; . All of these context effects suggest that people do not only encode particular items in VWM, but that they also (or -even -primarily) represent their ensembles, compressing redundant information from a display into the concise but very informative higher-level description of an ensemble. Such a description can then be used to predict features of individual items, enhancing the actual VWM capacity (Alvarez, 2011) . In consequence, it seems that VWM represents information on multiple, hierarchical levels (e.g., the level of features, objects, and ensembles).
One particularly interesting type of context effect in VWM regards the satisfying (or not) of the Gestalt principles of perceptual organization (Wertheimer, 1923 (Wertheimer, /1938 , which hold that people tend to see perceptual patterns as "wholes" rather than as separated, unrelated elements. According to the Gestalt approach, people use several rules or "laws" in order to group perceived items into a whole (Laws of Proximity, Similarity, Closure, Symmetry, Continuity, Integrity, etc.). Studies have demonstrated that satisfying such principles not only helps in perceiving visual objects in a particular way, but also facilitates their retrieval from VWM. That is, Gestalt principles "work" even when objects of interest are not perceptually accessible. For instance, objects grouped by proximity to a cued object were more likely to be reported than distant objects (Woodman, Vecera, & Luck, 2003) . Moreover, the overall number of reported objects was larger if they were grouped than when they were separated (Xu & Chun, 2007) . Analogous results were noted for grouping by similarity (Peterson & Berryhill, 2013) . Another example of Gestalt effects pertains to the facilitating role of the symmetry of the layout of objects for their recall from VWM. Kemps (2001) , using the Corsi blocks test (the task that requires subjects to manually tap objects in a 5 Â 5 matrix in the same sequence as they were previously highlighted), has demonstrated that recall was better when the sequence was spatially symmetrical than when it was not. This result was later replicated by Rossi-Arnaud, Pieroni, and Baddeley (2006) , who additionally showed that symmetry along the vertical axis was more effective than along the horizontal and diagonal axes. The three types of symmetry improved recall as long as the target items were highlighted simultaneously (as this facilitated symmetry detection). Again, all these results suggest that VWM contents are globally and hierarchically structured.
Overview of the Study
The VWM effect of grouping by proximity and similarity, investigated by means of the change detection task, seems to be solid (Peterson & Berryhill, 2013; Woodman et al., 2003; Xu & Chun, 2007) . However, existing studies on the symmetry effect used other paradigms than the change detection task, in particular, the Corsi blocks test, which has a pronounced motor component (sequential hand movements). Moreover, these latter studies were limited to memory for spatial locations and have not tested memory for objects. For some reason, symmetrical movement sequences might be easier to perform than asymmetrical ones, but the effect may have little in common with the VWM functioning. Thus, our first aim was to examine the symmetry effect within the standard change detection paradigm, which would require memorization of distinct visual objects (instead of bare locations) and simple yes/ no responding. To foretell the results, we found no effect of symmetry of the stimuli pattern (Experiments 1, 2, and 4). Our second aim was, thus, to look for other Gestalt effects that would "work" for VWM. We investigated the similarity effects beyond the simple grouping (as in Peterson & Berryhill, 2013) by testing the "whole-part" effect of the similarity between the shape of the stimulus probed and the shape of the pattern of stimuli (Experiments 3 and 4). In contrast to symmetry, we found a facilitating effect of the whole-part similarity on object recognition in VWM, supporting the hierarchical nature of VWM representations.
Experiment 1 Participants
A total of 24 women and 18 men participated (42 people). All of them were recruited via emails or adverts on social networking webpages. Mean age was 23.0 years (SD = 5.9, range 18-46). For a one hour participation, each person received an equivalent of €5 in local currency. Each person had normal or corrected-to-normal vision and no history of neurological problems. Each filled a written consent to participate and was informed that she or he could stop and leave the laboratory at will. Participants were tested in a cognitive psychology laboratory in groups of a few people, under the supervision of an experimenter.
Materials and Procedure
Each trial of the change detection task consisted of a virtual array filled with nine stimuli (only some cells in the array were filled). The stimuli were presented in black, on a light gray background. They were selected from 18 available figures (a square, circle, rhombus, cross, triangle, teardrop, star, tetragon, trapeze, heart, mast, arrow, hexagon 1, hexagon 2, T, thunderbolt, cloud, blur), each approximately 3 Â 3 cm in size (3.4°of the visual angle). The total size of the array was 10 Â 10 cm (11.3°of the visual angle). Each trial began with the presentation of a fixation point in the center of the screen presented for 2 s. Then, the source array was presented for 2 s, and followed by a mask of the same size as the array, presented for 0.8 s. Finally, in a randomly selected 50% of trials, a target array was presented that was identical to the source, while in the remaining trials a target array was shown which differed by exactly one item at one position, compared to the source. If both the source and target arrays differed, then the new item was highlighted by a square gray border. If the arrays were identical, a random item was highlighted. Pressing one of two response keys was required, depending on whether the highlighted item differed (the "change" response) or not (the "no-change" response) between the source and target array. The target array was shown for 2 s. A response time window started at the target array presentation and ended when a participant responded or 8 s elapsed. The trials were self-paced. The PsychoPy code and stimuli for all four experiments presented in this paper can be downloaded from an open repository (https:// dl.dropboxusercontent.com/u/21397852/Gestalt_VWM_ experiments.zip).
The score on this task is the estimated sheer capacity of VWM (Cowan, 2001; Rouder, Morey, Morey, & Cowan, 2011) , which is based on the proportion of hits (H, the change responses for arrays with one item changed) and the proportion of false alarms (FA, the change responses for unchanged arrays). The capacity of VWM is estimated to be k items (out of N items of a memory load), on the assumption that a participant elicits a correct hit or avoids a false alarm only if a cued item is transferred to his or her VWM (with the k/N chance). If a non-transferred item is cued, then a participant is assumed to be guessing the answer. In consequence, the following formula evaluates the score on the task for each N: k = N Â (H -FA). In the present experiment, the total score of each participant was thus k = 9 Â (H -FA), and it was an estimate of how many items this participant had successfully memorized in VWM. Note that such a measure effectively corrects for response bias (i.e., a tendency of an individual for making only one type of response, either the change or no-change ones).
The sole independent variable was whether the stimuli in both arrays formed either a vertically and horizontally symmetrical or an asymmetrical pattern. The symmetrical patterns were a cross and a circle, while a trapeze and a tetragon made the asymmetrical patterns. See Figure 1 for an illustration of the sequence of events in the change as well as no-change trials of the symmetrical, as well as the asymmetrical, condition. In total, there were 8 training trials and as many as 128 experimental trials (64 trials per each condition), randomly intermixed.
Results and Discussion
The raw data for the following analyses is provided in Electronic Supplementary Material 1. The mean k value was M = 2.74 (SD = 1.40), matching other studies that tested VWM capacity for shapes (e.g., Alvarez & Cavanagh, 2004; Chuderski, 2015) . The individual k values ranged from 0 items (indicating the random performance) to 5.91 items (indicating the top performance). Most importantly, we found no significant difference in k values between the symmetrical (2.84 items, 95% CI [2.09, 3.59]) and the asymmetrical condition (2.64 items, 95% CI [1.89, 3.39]), t(41) = 0.54, p = .593. The Bayesian paired test of means difference (with the Cauchy prior width set to 1) yielded Bayes Factor of 5.13, suggesting moderate evidence in favor of the hypothesis stating no difference in the mean k between both conditions, compared to the hypothesis assuming a larger k value in the symmetrical condition.
These data indicated that the symmetry of the stimuli pattern did not facilitate the maintenance of that pattern in VWM. However, one possible shortcoming of Experiment 1 was that too many stimuli were presented, in comparison to the mean estimated capacity of about three objects, and, thus, the symmetry of the source array could only be perceived at the encoding (i.e., when it was being presented), but not during the maintenance (i.e., after it disappeared). Although nine stimuli allowed for a welldefined symmetry of global shapes, in order to rule out the symmetry effect more definitely, this effect should also be tested using lower memory load. This was the goal of Experiment 2. Also, we doubled the sample in order to decrease the probability of type II error.
Experiment 2 Participants
A total of 69 women and 31 men participated (100 people). All of them were also recruited via emails or adverts on social networking webpages. Mean age was 24.3 years (SD = 5.8, range 18-41). Testing conditions and gratification were the same as in Experiment 1.
Materials and Procedure
Experiment 2 had the same design as Experiment 1, with the same set of black figures presented on a gray background, 50% of changed and 50% of unchanged target arrays, the array size of 10 Â 10 cm (11.3°of the visual angle), 2 s of the source array presentation, 0.8 s of the mask, and 8 s of the limit for responding. One exception was that 48 symmetrical and 48 asymmetrical trials were applied (together with eight training trials). Another exception was that either five or six stimuli (on random) were presented in each array. The symmetrical patterns consisted of a cross, plus, rectangle and letter T shapes, whereas the asymmetrical patterns consisted of either five or six elements scattered randomly throughout the background. Figure 2 illustrates the trials in both the symmetrical and asymmetrical condition of the task.
The total score of each participant was her or his
, where bottom indices refer to the hits and false alarm rates in either set size 5 or set size 6.
Results and Discussion
The raw data for the following analyses is provided in Electronic Supplementary Material 2. The mean k value in Experiment 2 was M = 2.66 (SD = 1.03, range À0.34 to 4.81). Again, the symmetrical condition yielded the k value (M = 2.70, 95% CI [2.49, 3.01]) that was not significantly larger than the k value in the asymmetrical condition (M = 2.62, 95% CI [2.41, 2.83]), t(99) = 0.76, p = .447). Bayes Factor equaling 6.12 indicated moderate evidence in favor of the hypothesis assuming no difference in k between the conditions, compared to the hypothesis assuming a larger k value in the symmetrical condition.
The present experiment replicated, with increased power and improved design, the results of previous experiment, and both studies suggest that, at least within the change detection paradigm, symmetry of the overall shape of the stimuli pattern does not facilitate the encoding/recall of the particular objects from VWM. Indeed, it seems that previous positive results on the symmetry effect in the Corsi blocks test might have simply been caused by the substantial motor requirements of this task, but that they did not result from a better organization/compression of symmetrical pieces of information in VWM. On further reflection, there seems to be little reason for the symmetry to work. Seeing that a stimuli pattern is symmetrical as a whole does not yield any additional information about the probability of particular objects to occur in that pattern (the stimuli on the left side of the pattern are always completely different from the ones on its right side). In contrast, in the symmetrical spatial Corsi blocks, encoding one side of the pattern gives perfect information about what can be expected on the opposite side (i.e., a mirror image). Thus, once the spatial task becomes an object/feature task, and the motor component is eliminated, the lack of symmetry effect seems to be justified. Figure 1 . Example sequence of events in the symmetrical versus asymmetrical condition of Experiment 1. The source array, presented for 2 s, was replaced by the mask of the same size for 0.8 s, and then the mask was replaced by the target array. In the change trials, one object in the source array was substituted with another object in the target array and highlighted with the gray border. In the no-change trials, the arrays were identical, and the random object was highlighted.
In contrast, the grouping by proximity/similarity, observed in previous change detection studies, probably worked due to a higher probability of encoding objects grouped around some target item, for instance, because more attention was paid to such items, or because more two-object bindings (e.g., "object A is a close left-side neighbour of the target item") could be set in VWM. In two subsequent experiments, we aimed to improve our understanding of the similarity effects, by extending them to whole-part similarity. Specifically, we assumed that when the shape of one of the stimuli matched the shape of the overall pattern of stimuli, the latter pattern could somehow prime the encoding of the former stimulus, and that the stimulus would, thus, be more correctly recognized in VWM, in comparison to stimuli that were not primed by the whole-part similarity.
Experiment 3 Participants
A total of 34 women and 26 men participated (60 people). All of them were recruited via emails or adverts on social networking webpages. Mean age was 22.5 years (SD = 5.3, range 18-46). Testing conditions and gratification were the same as in Experiments 1-3.
Materials and Procedure
The same task was used as in Experiment 1, again with the same set of black figures, gray background, set size of 5 or 6 (on random), 50% of changed and 50% of unchanged target arrays, array size of 10 Â 10 cm (11.3°of the visual angle), 2 s of the source array presentation, 0.8 s of the mask, and 8 s of the limit for responding.
The sole independent variable was whether an item from a to-be-highlighted location in the source array had the same shape as the complete pattern of stimuli in the array. For example, the stimuli could form an X pattern, and the target could be either an X figure (the similar condition) or another figure (the dissimilar condition). See Figure 3 for illustration of the sequence of events in the change trials of the similar and the dissimilar condition.
Results and Discussion
The raw data for the following analyses is provided in Electronic Supplementary Material 3. The mean k value equaled M = 2.60 (SD = 0.99, range À0.11 to 4.24). Most importantly, the similar condition yielded a significantly larger k value (M = 2.74, 95% CI [2.45, 3.02]) than the dissimilar condition (M = 2.47, 95% CI [2.19, 2.75]), t(59) = 2.28, p = .030, Bayes Factor = 2.24 in favor of the hypothesis assuming a larger mean k value in the similar condition, compared to the hypothesis assuming no difference in k between the conditions. However, the effect was weak, as indicated by Cohen's d = .25. The results indicated that, although, on average, participants were able to effectively hold in their WM about two and a half objects, the cases of similarity between the target stimulus and the overall pattern of stimuli were most likely to be detected successfully, and, on average, it increased VWM capacity by a quarter object (% 10% of mean k). Figure 2 . Example sequence of events in the change trials of the symmetrical versus asymmetrical condition of Experiment 2. The source array, presented for 2 s, was replaced by the mask of the same size for 0.8 s, and then the mask was replaced by the target array. In the change trials, one object in the source array was substituted with another object in the target array and highlighted with the gray border. In the no-change trials, the arrays were identical, and the random object was highlighted.
The present experiment provides the first evidence for the Gestalt-like effect of similarity between the pattern of stimuli held in VWM and the shape of a particular stimulus (i.e., the whole-part similarity). Such a similarity increased the likelihood of effectively encoding/retrieving that stimulus in/from VWM. This fact suggests that people encoded not only single objects, but also some ensemble representation of the pattern constituted by these objects. The detection of the shape of a whole might have primed the encoding of the single shape in question. However, the observed effect of the whole-part similarity was only moderate in size. In Experiment 4, thus, we aimed to replicate the effect of similarity, as well as to compare it to the supposedly null effect of symmetry (i.e., we also aimed to replicate data from Experiments 1 and 2). This time, instead of testing each effect in a separate sample of participants, we examined both effects in parallel, in the within-subjects design.
Experiment 4 Participants
A total of 27 women and 14 men participated (41 people). All of them were recruited via emails or adverts on social networking webpages. Mean age was 26.7 years (SD = 8.2, range 18-49). Testing conditions and gratification were the same as in Experiments 1-3.
Materials and Procedure
Experiment 4 combined the designs of Experiments 2 and 3, but used lower set sizes of 3, 4, and 5. Again, black figures, gray background, 50% of changed and 50% of unchanged target arrays, array size of 10 Â 10 cm (11.3°of the visual angle), 2 s of the source array presentation, 0.8 s of the mask, and 8 s of the limit for responding, and eight training trials were applied. Moreover, the set of available stimuli was limited to an equilateral triangle, right-angled triangle, square, diamond, cross, and plus shapes. Finally, in addition to random asymmetric/dissimilar patterns, "regular" patterns were used, in which there were equal distances between neighboring stimuli.
In consequence, there were four task conditions (96 trials each, 384 trials in total), defined according to an increasing level of the Gestalt principles' satisfaction. In the no-Gestalt condition, the pattern of stimuli was irregular/random (unequal distances between the neighboring stimuli), asymmetrical, and the probed stimulus in the source array was always dissimilar to the stimuli pattern. In the regular condition, the pattern of stimuli included equal distances between neighboring objects, but was still asymmetrical, bearing no similarity to any of its stimuli. In the symmetrical condition, the pattern was also regular (as regularity was the sine qua non condition for symmetry to be possible) and symmetrical. All symmetrical patterns had an overall shape of one of the stimuli out of the set of available stimuli (i.e., the equilateral or right-angled triangle for set size 3, the square or diamond for set size 4, and the cross or plus for set size 5), but the presented pattern always had a different shape than the shape probed in the source array. Finally, the whole-part similar condition included regular, symmetrical patterns that were similar to the stimulus probed. With such a design, we could test whether each consecutive level of Gestalt principle satisfaction yields Figure 3 . Example sequence of events in the change trials of the similar versus dissimilar condition of Experiment 3. The source array, presented for 2 s, was replaced by the mask of the same size for 0.8 s, and then the mask was replaced by the target array. In the change trials, one object in the source array was substituted with another object in the target array and highlighted with the gray border. In the no-change trials, the arrays were identical, and the random object was highlighted. In the change trial, a small gray arrow indicates the matching item that is probed (note that no arrows were present in the actual task).
an increase in k values or not. The schematic illustration of all experimental conditions can be found in Figure 4 .
Results and Discussion
The raw data for the following analyses is provided in Electronic Supplementary Material 4. Table 1 presents descriptive statistics for all conditions of the change detection task. The data were submitted to one-way analysis of variance (ANOVA), with four levels of the experimental factor (no-Gestalt, regular, symmetrical, and the whole-part similar condition). The effect was highly significant, F(3, 120) = 11.0, p < .001, and strong, η 2 = .22. The post hoc test (Tukey's HSD) informed that the mean k value in the similar condition was significantly larger than mean k values in each of the remaining conditions (ps < .001 for the regular and symmetrical condition, and p = .002 for the no-Gestalt condition), with mean d = .39. Also Bayes Factors equaling 65.42, 52,248.0, and 154.2 showed very strong evidence in favor of the hypothesis claiming a larger mean k value in the similar condition than in the no-Gestalt, regular, and symmetrical condition, respectively, compared to the respective null hypotheses. There was no significant difference between any pair of the latter conditions (ps > .294, Bayes Factors in favor of each of the null hypotheses exceeded 1.74). Comparing to the alternative conditions, k values in the similar condition increased almost by one third of item (Δk = 0.31, 14.7%). The overall pattern of results is summarized in Figure 5 .
General Discussion
Our initial hypotheses assumed that Gestalt-like effect of symmetry, observed in the Corsi blocks test, could also facilitate the maintenance and retrieval of information from VWM. However, in Experiments 1 and 2 we did not observe evidence for the symmetry effect (the same occurred later in Experiment 4). Upon further analysis, we realized that, in order to facilitate storage in VWM, a Gestalt effect needs to yield some useful information about the objects maintained. Symmetry suffices this condition in the Corsi block task (the sequence of movements will be identical on both sides of the scene), but does not suffice it in the change detection paradigm (different objects will be placed at symmetrically corresponding locations). However, the whole-part similarity fulfills this condition in the change detection task, and, indeed, in Experiments 3 and 4 we observed an average increase of above ten percent in actual VWM capacity for probed objects whose shapes were similar to the shape of the overall pattern of stimuli. It should be noted that our conclusions pertaining to significance of whole-part similarity for VWM performance, alongside the nonexistence of symmetry effect in that regard, are limited only to the change detection paradigm we have used, as well as to the figural stimuli that were employed. For a stronger support for the whole-part effect in VWM, studies using other types of perceptual features (colors, size, etc.) are needed.
Although the present experimental design was relatively simple, and the results cannot reveal the precise form of VWM representation which was constructed during the similar condition, several possibilities can be considered. First, the ensemble representation (including the information on the ensemble shape) could be maintained independently from the particular objects. In consequence, when a participant noticed the similarity between the to-behighlighted shape and the shape of the whole pattern, the information on the shape was represented in two layers in parallel. So, even after losing this information from the object layer, it could be restored from the ensemble layer. That fact might yield improved performance, compared to the dissimilar condition, when the ensemble layer could not be used in order to restore the object shape's representation. Second possibility assumes some form of interaction between the lower-and the higher-level layer, for example match between the object's shape and the overall shape, the latter represented at the ensemble level, might lead to the top-down spread of activation from that level, and to the boost in the object activation in VWM, compared Figure 4 . Schematic illustration of stimuli patterns used in four conditions of Experiment 4. The large arrow reflects an increasing organization in the stimuli pattern across the conditions. Small arrows indicate the items probed (note that no arrows were present in the actual task).
to the dissimilar condition. However, it is also possible that the whole-part similarity "worked" solely during the encoding phase (i.e., when the source array was still available perceptually). For example, noticing the similarity between one of the objects and their pattern could lead to a larger allocation of attention to that object (and, thus, to its more robust encoding), or such a similarity could yield even some simpler priming effects. Nevertheless, all these alternatives implicate VWM's ability to access ensemble representations of the overall pattern of objects, either during encoding or during maintenance, or both (what seems most likely). The present results are important for the existing debate on the building blocks of VWM capacity. It seems that models which assume only one level of representation in VWM, be it slots filled with objects (Vogel et al., 2001; Zhang & Luck, 2008) , attentional resources devoted to the features making up the objects (Alvarez & Cavanagh, 2004; Bays & Husain, 2008) , or some combination of both (Hardman & Cowan, 2015; Oberauer & Eichenberger, 2013) , may be insufficient to explain such between-level effects as the whole-part similarity effect observed in the present study. As the number of objects and the amount of features did not differ between the similar and dissimilar condition, the valid explanation of mechanisms underlying limits in VWM capacity may lie beyond the slot versus resource view. The whole-part similarity effect rather suggests that some hierarchical and relational representation of perceptual scene is formed in VWM, and the features of such a higher-level layout do affect a participant's ability to encode a particular number of objects of particular featural complexity (Alvarez, 2011; Clevenger & Hummel, 2014; Jiang et al., 2000; see Brady et al., 2011) . In consequence, VWM might rely substantially on relational processing that is typical for more complex cognitive functions, like thinking and reasoning (Holyoak, 2012) . However, more studies are necessary to investigate this issue.
Concluding, the finding of Gestalt effects spanning from low-level perception (Wertheimer, 1923 (Wertheimer, /1938 ) to high-level thinking and creativity (Walas, 1926) has been one of the hallmark results in psychology. The present work demonstrated another solid Gestalt-like effect pertaining to human working memory (in addition to grouping effects that were known to exist in VWM). Although our experiments do not allow for the univocal identification of a particular form of representation underlying the effect found, overall they support the view that the human mind represents information in memory at multiple interrelated levels and in various interdependent formats. 
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